Abstract. Lepidopteran cell lines derived from the gypsy moth, Lymantria dispar, have not been widely used in protein expression studies or systems because they are weakly adherent, have specific growth requirements and characteristics, and are generally difficult to transfect. Using lipid-mediated transfection of a reporter plasmid, we modify the standard method for transfection of L. dispar-derived embryonic cell lines IPLB-LdEp and -LdEIta, obtainKey words: In vitro, Liposome, Lymantria dispar, Transfection ing transfection efficiencies of 34% and 30%, respectively, as determined by image analysis assays. Using the standard lipid-mediated method, we obtain transfection efficiencies for L. dispar-derived cell line IPLB-Ld652Y of at least 40% with high mean expression levels, indicating the IPLB-Ld652Y cell line may be a superior choice for expression studies or systems requiring L. dispar-derived cells.
Introduction
Optimized systems for transfection of insect cells have become increasingly important for generation of stably transformed cell lines and for improving heterologous gene expression using in vitro systems. Indeed, insect cell-based systems for large-scale production of recombinant proteins have become indispensable for biotechnological, biopharmaceutical, and industrial applications. Cultured cell lines have been established from a large number of insect species, predominantly from the orders Lepidoptera and Diptera [10] . Lepidopteran-derived cultured cell lines have often been weakly adherent and inherently difficult to transfect, yet these insect cell lines have offered several advantages over competing bacterial and mammalian cell culture systems in the production of biopharmaceuticals and other expression products. Cell lines derived from Spodoptera frugiperda (Sf-9 and Sf-21) [18] and Trichoplusia ni (High-Five ) have been the most commonly used commercially and in the laboratory for insect in vitro expression systems. Currently, there are no commercially available cultured insect cell lines derived from Lymantria dispar (gypsy moth), and consequently L. dispar cells have not been widely exploited.
Often research objectives may predicate use of a particular insect cell line. Our current research requirements have obligated use of cultured L. dispar cells. We have observed the L. dispar embryonic cell-derived lines known as IPLB-LdEp [10] and IPLB-LdEIta [10] to be the most permissive to in vitro transformation by the polydnavirus of the braconid Glyptapanteles indiensis, a natural parasitoid of the gypsy moth [7, 11] . In addition, the IPLB-LdEp line grows faster than the other available gypsy moth lines, making it more useful in certain situations. The embryonic gypsy moth lines also have the advantage of a wider susceptibility to several insect viruses as compared to the ovarian lines (IPLB-Ld652Y and Sf-21) used here and by other researchers. For example, IPLB-LdEp and -LdEIta lines are susceptible to infection by both Autographa californica and L. dispar nucleopolyhedroviruses while the ovarian lines can only replicate one of these each [10] . Cell lines such as IPLB-LdElta may be useful for production of glycoproteins, as this line was recently shown to be capable of the highest percentage fucosylation as compared with other lepidopteran cell lines [9] . Each of the L. disparderived cell lines tested in this paper grow well in serum-free media and any could be useful in a protein-expression system.
The necessity to use these L. dispar cell lines for virus infection, transformation, and transfection experiments in our laboratory, in combination with the difficulty associated with transfection of L. dispar-derived cell lines in general, prompted as to examine and optimize the transfection of L. dispar cells in vitro. Here, we optimize methods for transfection of three different cultured L. dispar cell lines, IPLB-LdEp, IPLB-LdElta, and IPLB-Ld652Y, using cationic lipid-mediated transfection of a reporter plasmid vector expressing the green fluorescent protein (GFP) under the control of a baculovirus 
Procedures
A. Preparation of plasmid DNA for transfection: Plasmid DNA was prepared via single banding over cesium chloride density gradients as described previously in Sambrook et al. [14] . To purify the plasmid DMA, ethidium bromide was extracted from the DNA band by adding an equal volume of 20X-SSC-saturated isopropanol and shaking. The layers were allowed to briefly separate, then the upper layer containing ethidium bromide was removed. This process was repeated until both layers were colorless. The volume of the plasmid DNA band (lower layer) was raised to 5 ml using distilled deionized H 2 O. The plasmid DNA was precipitated in two volumes 100% ethanol (10 ml Successfully transfected cells are then counted from the digital images using computer software. For this study, visible light and UV/fluorescent images for each transfection were captured at 10× magnification on a Leitz Fluovert inverted microscope using an Endow GFP filter cube and Fuji LAS1000 cooled CCD camera system. At least three images were captured for each transfection and at least 2 × 10 3 cells were counted for each. Fluorescent digital images were normalized and levels adjusted using Adobe Photoshop 5.5 software so that all fluorescent images were evaluated with common background. Fluorescent cells were counted on inverted images and analyzed using the Colony Count-sort component of 1D Advanced Program for Analysis (Advanced American Biotechnology). Total cell numbers were counted for each on the visible light image so that percent transfected cells could be evaluated. The expression levels of transfected cells, measured as pixel densities or units/pixel 2 , were determined on the same images using Fuji-quant software Image Gauge V3.3 program (Fuji Medical Systems) to estimate the mean cellular expression level for each transfection.
Results and discussion
A wide variety of methods have been used for transfection of viral or plasmid DNA into mammalian and insect cells, including calcium phosphate (CaHPO 4 ) coprecipitation [5, 20] , carrier methods such as DEAE-Dextran and Poly-Lysine [12] , cationic liposome-mediated transfer [2, 21] , and electroporation [12, 16] [methods reviewed in 17] . No method has emerged as ideal, especially in transfection of lepidopteran cell lines, which are generally weakly adherent and difficult to transfect, with possible exception of Sf-9 and -21 cells [8] . In our experiences with transfection of lepidopteran cell lines, liposome-based transfection methods, in which DNA is transported to the nucleus through fusion with the transport across the plasma membrane or through endocytosis, have been highly superior to CaHPO 4 coprecipitation-based methods, which can be toxic to the cells or inefficient. Certain cell lines, such as Sf-9 and -21, grow well in culture and are comparatively more conducive to transfection than other less-utilized cell lines. However, experimental requirements, such as need for a cell line derived from a particular host or a specific tissue, may necessitate use of cell lines of less than ideal adherence, growth, or membrane permeability characteristics.
The IPLB-LdEp cell line, derived from gypsy moth embryos [10] , has been an essential cell line in our laboratory because it is permissive to transformation by a braconid polydnavirus. It was our focus for optimizing transfection conditions. We used the cationic lipid reagent CELLFECTIN (Life Technologies Inc.), which was reported by the manufacturer to be superior for the transfection of (Figure 1 ) and gradually increasing lipid indicated that a ratio of 1:3.33 (3 µg plasmid DNA:10 µl CELLFECTIN) was optimal under our experimental conditions (Figure 1) . A higher percentage of successfully transfected cells was obtained using a DNA:lipid ratio of 1:4 (3 µg plasmid DNA:12 µl CELLFECTIN), but the higher lipid dose was somewhat toxic, causing some cells to become clumped and detached, or even, rarely, apoptotic. To maintain the integrity of the cell membranes and cellular functions [1], the DNA:lipid dose was modulated for the highest efficiency transfection with the least number of impaired cells.
Our lipid-based transfection method was modified from the published Life Technologies Inc. standard method for transfection using CELLFECTIN reagent. Normally cells are seeded onto tissue culture plates using supplemented Grace's medium (TNM-FH, containing lactalbumin hydrosylate and yeastolate) 12 to 24 hours prior to transfection so that they acquire stronger adhesion. This introduces and additional 12 to 24 hours time to a transfection protocol. In our modified method, lepidopteran cells were resuspended in minimal Grace's insect cell culture medium containing 10% serum and plated immediately. Under these conditions, cell adhesion was strong after 30 to 40 minutes and cells could be immediately transfected. Media volumes were also reduced to facilitate attachment [19] . The presence of serum during transfection, but not during forma-tion of liposomes, did not inhibit transfection efficiency [4] . In fact, the presence of 10% serum with Grace's cell culture medium during preparation and attachment of the cells gave slightly higher (2-5%) transfection efficiency over Grace's cell culture medium alone (data not shown). We culture the lepidopteran cells used in this experiment in the absence of serum and they are quite sensitive to media composition. However, we suspect that the presence of serum and the absence of additives in the Grace's medium may aid in the adherence of cells to the culture plate, needed because attachment time for the cells is greatly reduced over the traditional protocol. Interestingly, cells prepared and attached in Ex-Cell 400 culture medium alone (instead of 10%FBS-Grace's cell culture medium or Grace's cell culture medium alone) by our modified method showed greatly reduced transfection efficiencies (data not shown). This suggested the Grace's medium may allow for greater cell membrane permeabilization than culture medium, given the greatly reduced cell preparation and attachment time. Or, additives contained in Ex-Cell 400 culture medium might interfere with cell adhesion. Our modified transfection method, which resulted in time savings of 18-24 hours over the standard protocol, proved to be somewhat more or equally as efficient for transfection of IPLB-LdEp (Figure 2A , Table 1 ) and IPLB-LdEIta ( Figure 2C , Table 1 ) cell lines compared with the standard method ( Figure 2B and D, Table 1 ) with similar mean expression levels ( Table 1) superior to our method for the transfection of IPLB-Ld652Y cell line ( Figure 2E and F, Table 1 ) in both efficiency of transfection and in mean expression levels (Table 1) .
It has generally been difficult to obtain transfection efficiencies equal to or greater than 40% in , and IPLB-Ld652Y (E and F) were transfected by our modified method (A, C, and E) or by Life Technologies Inc. method (B, D, and F) with a reporter plasmid expressing EGFP, using CELLFECTIN reagent. At 36-40 hours post transfection, cell images were captured using a cooled CCD camera system (Fuji LAS1000) on a Leitz Fluovert inverted microscope at 10× magnification. Images were analyzed for transfection efficiency by counting fluorescent cells using Colony Count-sort software (Advanced American Biotechnology, Valencia CA) and expression efficiency estimated using Image-quant Image Guage V3.3 software (Fuji Medical Systems, Stamford Connecticut). The bar represents 100 microns.
